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INTRODUCTION:
Understanding the mechanism of breast cancer initiation is critical for developing

chemoprevention strategies. Normal mammary epithelial cells from which cancer usually
originate have limited life span. Immortalization is the first step that leads to continuous
growth of mammary epithelial cells (1). Cell cycle regulatory, anti-apoptotic and pro-
apoptotic proteins play a significant role in immortalization process (1). In addition,
recent studies suggest that oncogene activation leads to senescence, which serves as an
initial barrier for transformation and senescence associated genes are silenced during
immortalization (2-5). Immortalized cells attain cancerous growth properties
(transformation) due to additional mutations that lead to either loss of tumor suppressor
genes or activation of oncogenes. The transcription factor Nuclear factor-kappaB (NF-
KB) promotes both immortalization and transformation by controlling the expression of
cell cycle regulatory, anti-apoptotic and pro-apoptotic genes (6). NF-KB is usually
sequestered in the cytoplasm of resting cells through its association with inhibitor-of-
kappaB (IKB) proteins and translocates to nucleus upon exposure of cells to cytokines
and growth factors (7). NF-iB then binds to response elements and induces the
expression of genes involved in invasion, metastasis and chemotherapy resistance. We
and others have shown that NF-KB is constitutively active in breast cancer and is
responsible for overexpression of several anti-apoptotic genes as well as repression of the
pro-apoptotic growth arrest and DNA damage/C/EBP homology protein
(GADD153/CHOP) (8-11). GADD153 is induced when DNA is damaged or cells are
under stress. Depending on the extent of damage, cells either repair DNA damage and
survive or die. GADD153 is believed to promote death of cells with severe damage,
thereby limiting accumulation of cells with mutations (12). Thus, GADD153 is likely to
play a role in preventing breast cancer initiation. Because NF-KB reduces GADD153
expression, it is possible that cells that contain constitutively active NF-KB will survive
after DNA damage and these cells are more prone for transformation. This award was to
test this possibility. Three aims were proposed: 1) To determine whether inhibition of
GADD153 by NF-KB is essential for survival and/or transformation of MCF-10A cells
when exposed to MMS or grown under nutrient-deprived condition. 2) To determine
whether inhibition of GADD153 by NF-KB leads to altered activity of the transcription
factor C/EBPp3 and differentiation of MCF1OA cells. 3) To determine the influence of p53
on the anti-apoptotic function of NF-KB in MCF-1OA cells grown under nutrient-deprived
condition or exposed to MMS.

BODY:
Specific Aim I:
Task l.(months 1-5) Establish MCFI OA cells overexpressinFg p65NLS50 or ras and
characterize them with respect to constitutive NF-0K activity.

Results: This task is completed. We have established MCF1OA cells overexpressing
p65NLS50 or Ras (Figure 1A and B). MCF1OApQ and MCF1OAneo cells correspond to
parental cells vector alone. MCF 1OA cells overexpressing p65 (MCF 1OA/p65 series ,1 to
4) showed elevated levels of p65 as well as NF-KB-inducible genes including cyclin D1,

Mn-SOD and IKBca (Figure IA).
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Task 2: (Months 6-8) Determine MMS-inducible and nutrient-deprivation inducible
expression of GADD153 in MCF1O/p65NLS50 cells by Northern and Western blots.
Determine apoptosis by Annexin V labeling, PARP cleavage and DNA laddering.

Results: Cell viability experiments were carried out using the MTT assay and clonogenic
assays. MCF-1OA/p65NLS50 cells treated with MMS (0 to 10 mM) for 3 to 24 hrs did
not show a significant difference in cell viability, as measured by MTT assay compared
to vector control cells (data not shown). However, while parental cells (MCF1OA/pQ1)
were growth inhibited by transforming growth factor beta, MCF-1OA/p65(1) cells were
resistant (Figure 2A). Unlike in cancer cells, serum starvation did not induce GADD153
in MCFIOA cells. Interestingly, MMS-inducible expression of GADD153 was delayed in
MCF 1OA/p65 cells compared to MCF IOA/pQ cells (Figure 2B). Thus, NF-KB activation
protects mammary epithelial cells against only specific agents.

Task 3: Months (9-15) determine the susceptibility of MCF1OA, ras and p65NLS50 cells
to MMS-induced transformation. This will be achieved by growing cells in soft agar and
matrigel.

Results: MCF1OApQ cells plated on a Matrigel form a highly organized acinar structure.
These cells have been used extensively as a model system to study the formation and
maintenance of glandular architecture in vitro. These acinar structures consist of a hollow
lumen surrounded by a single layer of cells, with the hollow lumen formed through a
selective apoptosis of centrally located cells (13). Oncogenes such as ErbB2 prevent
apoptosis and induce proliferation of the centrally located cells, which leads to the
formation of a highly disorganized structure (14). As expected, the parental MCF 1 OA/pQ
cells cultured in matrigel formed polarized acinar structures (Figure 3). In contrast,
MCF1OA/p65 cells formed disorganized structures. Thus, NF-KB activation alone is
sufficient for MCF 1OA cells to show a transformed cell phenotype in matrigel.

Deregulated growth of MCF1OAp65 cells correlates EMT phenotype. When grown in
two-dimensional culture, MCFIOA/p65 cells exhibited a fibroblastic, spindle-shaped
morphology, whereas MCF1OA/pQ control cells retained an epithelial-like morphology
(Figure 4A). The morphological changes observed in MCF1OA/p65 cells resembled that
of cells undergoing EMT. To test this possibility, northern and western analyses of
epithelial and mesenchymal markers were carried out. MCF1OA/p65 cells showed
reduced expression levels of epithelial markers, including E-cadherin, Occludin,
Desmoplakin and Keratin 18 (Ki8) compared to MCF1OA/pQ control cells. In contrast,
expression of the mesenchymal markers Vimentin, and Fibronectin were increased in
MCF1OA/p65 cells compared to parental cells (Figure 4B).

Increased cellular motility of MCFI OA/p65 cells._Increased motility is another hallmark
of EMT. Using the in vitro wound healing assay, we observed that MCF 1OA/p65 cells
showed a faster rate of motility compared to MCF 1 OA/pQ control cells when monitored
over a period of 24 hrs (Figure 5). Taken together, these results confirm NF-xB-
dependent EMT of MCF 1OA cells.

5



Induction of ZEB-1 and ZEB-2 expression by NF-KB. To identify downstream targets of
NF-KB involved in induction of EMT phenotype, we used Northern blot and RT-PCR to
analyze the expression of transcriptional regulators involved in EMT. MCF IOA/p65 cells
showed increased expression of the transcriptional repressors ZEB-1 and ZEB-2 (Figure
6A), but not of other transcriptional repressors Snail-i, -2 or -3 (Figure 6B). These results
are distinct from that observed in Drosophila, where the NF-KB homologue dorsal
induces EMT through Snail (15). We did not observe a difference in the expression levels
of CtBP- 1 and CtBP-2 (data not shown), both of which are co-factors required for ZEB- 1
and ZEB-2 mediated transcriptional repression (16). ILI-a or TNFcL, which induce NF-
KB, increased ZEB-I and ZEB-2 expression in MCFIOA and MDA-MB-231 cells,
respectively (Figure 6C).

Overexpression of ZEB-1 induces EMT phenotype in MCFIOA cells. To determine
whether ZEB-1 alone can induce EMT, MCF1OA cells were transduced with control
retrovirus (pQCXIN) or with ZEB-1/pQCXIN retrovirus encoding ZEB-1. Two
independent clones of MCF1OA cells overexpressing ZEB-1 were phenotypically similar
to MCF1OA/p65 cells (Figure 7A). Northern blot analysis showed higher ZEB-1 and
Vimentin, but lower E-cadherin and Desmoplakin levels in MCFIOA/ZEB-1 cells
compared to control MCF1OA/pQN cells. Northern blot analysis was carried out in
triplicate for statistical analysis (Figure 7B). These results suggest that ZEB-1 alone can
induce the EMT phenotype in MCF 1 OA cells.

Induction of EMT phenotype in MCFI QA cells through chronic exposure to TNFa. The
experiments described so far demonstrating induction of the EMT phenotype by NF-KB
were carried out in an artificial system involving p65 overexpression. To determine
whether NF-KB when activated under more physiological conditions could induce the
EMT phenotype, MCF1OA cells were continuously cultured in medium containing
TNFcL, a known activator of NF-KB. TNFa did not cause any apparent cytotoxicity to the
MCF1OA cells and after 22 days of culture, the MCFIOA cells showed induction of the
EMT phenotype. TNFa-treated cells exhibited a fibroblastic morphology in two-
dimensional culture and formed disorganized structures in three-dimensional Matrigel
culture, a phenotype reminiscent of that observed with MCF 1OA/p65 cells (Figure 8).

Reversal of EMT phenotype following removal of TNFa treatment. To determine if the
TNFa-induced EMT is reversible, cells treated with TNFG for 22 days were cultured in
fresh media without TNFa. Interestingly, the MCF 1OA cells showed a gradual reversal of
the EMT phenotype beginning from 11 days after TNFca removal and acquisition of
epithelial morphology by day 18 of TNFix removal (Figure 9A). Reversal of EMT
phenotype correlated with corresponding decrease in ZEB-1 and Vimentin expression
and increase in E-cadherin and Desmoplakin expression (Figure 9B). Overall, the above
experiments involving chronic TNF-a treatment suggest that NF-icB activation is
essential for both initiation and maintenance of EMT phenotype.

Specific aim II:
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Task 1: Determine the DNA binding pattern of C/EBPI3 and C/EBP9i:GADD153
heterodimers in various cell types by EMSA.
Results: Three isoforms of C/EBPJ3 are expressed in mammary gland. Normal mammary
gland expresses full-length C/EBPf3-1 whereas breast cancers express shorter C/EBPI3-2
(17). C/EBPP3-1 and C/EBPf3-2 are derived from the same transcript utilizing different in-
frame initiation codons and differ only by 24 amino acids. Overexpression of C/EBPf3-2
alone is sufficient for EMT of MCF-1OA cells (18). We did not observe any difference in
the mRNA levels of C/EBPI3 in MCFIOA/pQ and MCF1OA/p65 cells (Figure 10A).
However, we observed a switch in C/EBPP3 isoforms at protein level upon overexpression
of p65. While the MCF1OA/pQ cells expressed -50 kDa protein, which corresponds to
C/EBPP-1 isoform, MCF1OA/p65 cells expressed C/EBPP3 protein of -46 kDa (Figure
10B). This is most likely C/EBPI3-2 isoform. Overexpression of C/EBPf3-2 isoform has
been shown to increase cyclin D (18), which was also observed in MCF1OA/p65 cells
compared to MCFIOA/pQ cells (Figure 10B).

Task 2: Determine the expression levels of C/EBP/3and GADD153-responsive genes in
various cell types by transient transfection, Northern and Western blots.
Results: We have measured expression level of j3-casein in MCF-10A/pQ and
MCFIOA/p65 cells. Consistent with changes in C/EBPj3 protein expression pattern, we
observed increased expression of cyclin Dl and osteopontin, C/EBPP3 responsive genes
(Figure 10A and B). Surprisingly, in EMSA, binding of proteins to C/EBP homodimers
binding elements as well as to C/EBP/CHOP heterodimer binding elements was reduced
in MCF IOA/p65 cells compared to parental MCF 1OA/pQ cells (Figure 10C).

Task 3: Months: Determine the differentiation pathway in various cell types in response
to lactogenic stimulation. This will be achieved by measuring g-casein and WAP
expression in response to prolactin treatment.
Results: Without any prolactin treatment, we have observed significant change in
differentiation program in MCF-1OA/p65 cells as outlined below.

In initial studies, MCF I OA cells were described as ductal luminal epithelial cells
whereas a recent study described MCF1OA as myoepithelial cells (19, 20). One
explanation for the controversial observation is that MCF1OA cells correspond to breast
stem cells, which can differentiate into myoepithelial and ductal epithelial cells based on
growth condition. Cytokeratin 5 (CK5) is considered as a marker for progenitor/stem
cells that can differentiate to either glandular cells (CK8/18+) or myoepithelial cells
(SMA+) cells (21). P63, a p53 homologue, is considered as a marker for myoepithelial
cells (22). P63 is expressed as several different isoforms; TAp63 and ANp63 are the
major isoforms derived from alternative promoters. While TAp63 has a transactivation
domain and can activate gene expression through p53 response element, ANp63 can
dominantly inhibit p53 function. ANp63 is most commonly expressed isoform in
myoepithelial cells (23).

Early passage MCF1OA cells (Passage number -180) obtained from Michigan
Cancer Foundation and a late passage cells obtained from our collaborator at our
institution were first examined for CK5/6 expression by Western blotting. CK5/6
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expression was observed in cells from both sources although expression was substantially
lower in early passage cells compared to late passage cells (Figure 1 IA). In contrast, p63
expression was observed only in late passage cells (Figure 1 IA). Thus, the late passage
cells have acquired some of the characteristics of myoepithelial cells. Most of the studies
described below were done using late passage cells because myoepithelial cells have been
shown to be replaced by cells that have converted from epithelial to mesenchymal
phenotype when breast cancer progresses to invasive phenotype (24).

Because MCF1OA/p65 cells showed fibroblastic phenotype compared to
MCF10A/pQ cells, we examined the effect of p65 on p63 expression by Western
blotting. The p63 expression was observed in MCF-10A/pQ cells but not MCF-10A/p65
cells (Figure II C), which suggests that NF-KB converts myoepithelial cells to
myofibroblasts. Northern analysis for p63 further confirmed the results of Western
analysis (Figure I lB and C)). MCF-10A cells exposed to TNF, IL-I and TPA showed
reduced levels of ANp63, which suggests NF-KB-dependent repression of ANp63 (Figure
1 ID). ZEB-1 may mediate NF-KB-mediated repression of p63 because p63 levels were
lower in MCF-OA cells overexpressing ZEBI-1 compared to parental cells (Figure 1 E).
These results clearly suggest that NF-KB can alter differentiation of myoepithelial cells
without the requirement of any costimulus.

Specific aim III
Task 1: Establish cells overexpressing p53 dominant-negative mutants and characterize
them for p53 activity. Stable cell lines overexpressing p53 V144A will be established.

Results: We generated MCF-10A cells overexpressing dominant negative p53 (Figure
12B). Unfortunately, this particular variant of p53 failed to have a dominant negative
affect on wild type p53 of MCF1OA cells because doxorubicin-inducible activation of
p53-responsive gene p21 was same in parental and dominant negative p53
overexpressing cells (Figure 12A). Therefore, we used retrovirus vectors with shRNA
against p53 from Open Biosystems to generate MCF-10A cells lacking p53. However,
this approach also proved not useful in generating MCF1OA cells with reduced p53
(Figure 12B). We next examined whether p53 expression can be reduced by transient
expression of p53 siRNA. Although p53 siRNA reduced p53 protein levels (Figure 12B),
transfection reagent itself proved toxic to cells and appears to activate p53 because we
observed higher levels of p53 in cells transfected with irrelevant luciferase siRNA.

Task 2: Determine MMS sensitivity, NF-KB activity and GADD153 expression in various
cell opes.
Result: This task could not be completed because of our inability to develop MCF 1 OA
cells lacking p53 activity

Task 3: Determine the MMS-induced transformation frequency of cells that express p53
dominant negative mutant.
Results: This task could not be completed because of our inability to develop MCF1OA
cells lacking p53.
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Mechanism of GADD153 repression by NF-KB: We have performed several
mechanistic studies to understand repression of GADD153 by p65:

a) Exonl of GADD153 contains NF-KB repressible element: Analysis of a series of
deletion mutants of GADD 153 promoter-CAT reporter revealed the presence of NF-iCB-
repressible element in exon 1 of GADD 153 gene (Figure 13A). The activity of the mutant
lacking exon 1 (pG3mutl/CAT) was not repressed by p65 compared to wild type reporter
(pG3a/CAT). Cloning of Exon 1 upstream of the GADD153 promoter
(pa9lpG3mutl/CAT) or downstream of the CAT reporter (pb pG3mutl/CAT) restored
p65-mediated inhibition of CAT activity (Figure 133B). Exon I contains a transferable
p65 repressible element as an RSV promoter/CAT reporter with exon I of GADD 153 but
not unrelated 91 base long sequence was repressed by p65 (Figure 13A). Further deletion
analysis of Exon 1 revealed that +41 to +71 bp region of Exon I contains p65-repressible
element (Figure 13C).

b) Transcriptional activity of p65 is required for repression of GADD153: A mutant of
p65 with has reduced transactivation potential due to mutation of protein kinase A
phosphorylation site (S276A) was less efficient in repressing GADD153 expression
compared to wild type p65 (Figure 14). These results suggest that a protein whose
expression is induced by p65 is responsible for the repression of GADD 153 expression.

c) Gfi family members are involved in repression of GADD153: The 30 bp region in
exon 1 of GADD153 contains a putative binding site for the Gfi repressor family. The
members in this family include Snail, Slug, Gfi-1, Gfi-IB, IA-I and Mltl(25, 26). Most
of these proteins function as transcription repressors. Electrophoretic mobility shift assay
(EMSA) showed specific binding of Snail-i and Gfi-1 to the 91 bp region exon 1 of
GADD153 (Figure 15A and B). We also observed binding of Gfi-1 to GADD153
promoter in MDA-MB-231 cells by chromatin immunoprecipitation assay (Figure 16). In
transient transfection assays, Gfi-1 repressed GADD153 expression (Figure 17). Snail is
a NF-icB inducible gene (27), although we did not observe NF-KB-dependent induction
of Snail in both MCF10A and MDA-MB-231 cells (data not shown). Transcription
factor binding motif search revealed the presence of 1, 6 and 2 putative NF-KB binding
sites in Gfi-1, Mltl and IA-1 genes, respectively. Although our initial studies suggested
that Gfil is NF-KB-inducible, we could not reproduce this results in several other cell
types. We are currently investigating whether Mltl and IA-1 are induced by NF-KB,
which play a role in repression of GADD153.

KEY RESEARCH ACCOMPLISHMENTS:
"* MCF10A subtypes with myoepithelial characteristics overexpressing p65 subunit

of NF-iB show an EMT phenotype. EMT phenotype correlated with loss of
expression of myoepithelial cell marker ANp63.

"* EMT correlates with NF-icB-dependent expression of EMT-associated
transcription repressors ZEB-1 and ZEB-2. ZEB-1 alone could induce EMT.

"* Chronic exposure of MCF1OA cells to TNFca, an inducer of NF-KB, also induced
EMT phenotype.
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* MCF1OA cells overexpressing p65 show altered expression pattern of C/EBPP3
isoforms.

* The exon I of GADD153 contains NF-KB repressible element. NF-KB repressible
element binds to Snail/Gfi family transcription repressors. Snail/Gfi family
transcription repressors may play a role in NF-KB-mediated repression of
GADD153.

Reportable outcomes: Three abstracts have been published and two manuscripts will be
submitted in one month. Part of the data is also reported in a review written by the PI.

Review article: NF-xcB and breast cancer. Current Problems in Cancer 26:277-310
(2002)

Abstracts:
1) Hui Lin Chua, Sunil Badve and Harikrishna Nakshatri. NF-KB induces epithelial to
mesenchymal transition phenotype to immortalized mammary epithelial cells. NF-KB:
from bench to bedside. Keystone symposia, Snow Bird, Utah (January 10-15, 2004).

2) An NF-kB repressible element in the 5' untranslated region of the pro-apoptotic
GADD 153/CHOP gene. Hui Lin Chua and Harikrishna Nakshatri. American Association
for Cancer Research 94 th Annual Meeting Washington, DC, June 10-14, 2003.

3) Hui Lin Chua, Sunil Badve and Harikrishna Nakshatri. NF-kappaB promotes
epithelial-to-mesenchymal transition of immortalized mammary epithelial cells through
ZEB-1 and ZEB-2. Era of Hope, Department of Defense Breast Cancer Research
Program Meeting, Philadelphia, June 8-11, 2005.

Conclusions: NF-KB can influence breast cancer progression by multiple mechanisms.
This study showed a role for NF-KB in converting myoepithelial cells to myofibroblasts.
Myofibroblasts constitute important stromal cells that provide secretory factors required
for invasion and metastasis of breast cancer (28). We have also identified a nexus
between NF-KB and Snail/Gfi family of transcription factors. While transcription
activation by NF-KB is very well studied, transcription repression by NF-KB is not
known. Because Snail/Gfi family members are transcription repressors, they may mediate
transcription repression by NF-KB.
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Figure 1: A) Generation of MCFIOA cells overexpressing p65NLS50. MCFIOA cells
were infected with control retrovirus (pQ series) or p65NLS coding retrovirus
(p6 5 1-4). Four independent mass cultures after selection with G418 were
analyzed for expression of p65 and NF-KB inducible genes by Western blotting.
B) Ras expression in parental (MCF1OA/neo) cells and ras overexpressing cells
(MCFIOA/ras). Lysate from a mammary tumor developed in a MMTV-Ras
transgenic mice (MMT-l Iras) was used as a positive control.

Figure 2: A) Sensitivity of parental (MCF1OA/pQl) and p65 overexpressing cells
(MCF1OA/p65) to TGFP3I. Cells were treated with TGF3I for six days and cell
growth was measured by MTT assay. Note that MCF 1 OA/p65 cells are resistant to
TGFJ31. B) MMS inducible expression of GADD153 in MCF1OA/pQ and
MCF1OA/p65 cells. Cells were treated with 500 micromolar MMS for indicated
time and GADD153 expression was measured by Northern blotting. Note
differences in GADD153 induction between two cell types.

Figure 3: MCF1OA/p55 cells form a highly disorganized structure compared to
MCF1OA/pQ cells, which form acini-like structure, upon culturing in matrigel.

Figure 4A: MCF1OA/p65 cells show fibroblast morphology compared to MCF1OA/pQ
cells, which show epithelial morphology when grown on plastic.

Figure 4B: MCF1OA/p65 cells show lower expression of epithelial markers (E-cadherin,
KI 8, Desmoplakin) and increased mesenchymal markers (Fibronectin and
Vimentin) compared to MCF I OA/pQ cells. E-cadherin expression was measured
by both Northern (left) and Western blots (right) whereas expression of other
genes was measured by Northern blotting.

Figure 5: MCF 1OA/p65 cells show enhanced motility compared to MCF 1O/pQ cells. Cell
motility was measured by wound assay.

Figure 6: MCF1OA/p65 cells overexpress ZEB-1 and ZEB-2 compared to MCF1OA/pQ
cells. ZEB-1 and ZEB-2 expression were measured by Northern blotting. B) p65
overexpression had no affect on Snail-i, Snail-2 and Snail-3 expression. Snail
expression was measured by RT-PCR. C) TNFa and IL-la, potent NF-KB
activators, induce ZEB-1 and ZEB-2 in MCF-1OA and MD231 cells, respectively.
Expression of ZEB-1 and ZEB-2 was measured by Northern blotting.
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Figure 7A: MCFIOA cells overexpressing ZEB-1 show fibroblastic morphology.

Figure 7B: MCFIOA cells overexpressing ZEB-1 show reduced epithelial markers (E-
cadherin and Desmoplakin) but increased mesenchymal marker Vimentin.
Expression levels of the above genes (three independent experiments) were
quantitated by densitometry scanning and are shown in bottom panel (*<0.05).

Figure 8: MCF1OA cells exposed to TNFc for 22 days show fibroblastic morphology on
plastic (top panel) and form a disorganized structure in matrigel (bottom panel).

Figure 9A: The effect of TNFa on MCFIOA is reversible. Cells were treated with TNFa
for 22 days and grown subsequently without TNFc. (bottom panel) or with TNFa
(middle panel) for indicated days. Untreated cells are shown in the top panel.

Figure 9B: Epithelial (E-cadherin and Desmoplakin), mesenchymal (Vimentin) and ZEB-
I expression in untreated cells (no Tx), TNFu. treated cells (TNFca+) and cells
treated with TNFox for 22 days but withdrawn subsequently for indicated days
(TNFa-) was measured by Northern blotting. Note that in TNFc- cells ZEB-1 and
Vimentin expression is reduced but E-cadherin and Desmoplakin expression is
increased compared to TNFa+ cells.

Figure 10: A) P65 overexpression does not affect the level of C/EBPP3 mRNA but
increases osteopontin expression. C/EBPI3 and osteopontin expression were
measured by Northern analysis. MCF1OA/pQ(A) cells correspond to control cells
whereas MCF1OA/p65 (A, B, J) correspond to cells overexpressing p65. B)
MCF1OA/p65 cells contain a unique form of C/EBPP3 protein compared to
MCF 1OA/pQ cells as measured by Western blotting.

Figure 1OC: Transcription factor binding to an oligonucleotide with consensus binding
sequence for C/EBP homodimer (C/EBP-C/EBP) or C/EBP/GADD153
heterodimer (C/EBP-GADD 153) was determined by electrophoretic mobility shift
assays using nuclear extracts from MCFIOA/pQ and MCF1OA/p65 cells.
Oligonucleotide with a binding site for SP-1 was used as a control. Note the effect
of p65 overexpression on transcription factor binding to C/EBP-C/EBP and
C/EBP-GADD153 elements.

Figure 11: A) Late passage and early passage MCF 1 OA cells show differential expression
of myoepithelial (p63) and progenitor cell markers (CK5/6) as determined by
Western blotting. B) P65 reduces p63 expression as determined by Western
blotting. Note lower p63 protein in MCF 1 OA/p65 cells compared to MCF 1 OA/pQ
cells. C) MCF 1 OA/p65 cells lack p63 compared to MCF 1 OA/pQ cells as measured
by Northern blotting. D) NF-KB activators IL-1c, TNFci and TPA reduce p63
protein level in MCF1OA cellsh.
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Figure 12: A) Generation of MCFIOA cells overexpressing dominant negative mutant of
p53 (p53dnV143A). However, dominant negative mutant had no effect on
doxorubicin-inducible expression of p53 target gene p21. Expression of p53 and
p21 was determined by Western blotting. B) p53 levels are reduced in MCF10A
treated transiently with siRNA against p53 but not in cells stably expressing
shRNA (00546) against p53. P53 expression was measured by Western blotting.

Figure 13A: Exon I of GADD153 promoter contains p65 repressible element. Cos- 1 cells
were transfected with indicated CAT reporters (5 micrograms), p65 or p50
expression vectors (0.5 micrograms) and 2 micrograms of P3-galactosidase
expression vector pCHI 10. CAT activity was measured 48 hour after transfection.
The pG3a/CAT correspond to wild type GADD 153 promoter with sequences -247
to +91 (which includes exon 1). The pG3mutl/CAT contains -247 to +1 sequence
of GADD153 promoter. Wild type RSV/CAT and RSV/CAT with exon 1 of
GADD 153 (p91/CAT) or irrelevant 91 bases (pcontr9 l/CAT) is also shown. Note
that p65 represses pG3a/CAT but not pG3mutl/CAT.

Figure 13B: Insertion of exon I upstream of -247 to +1 of GADD153 sequence (pa9l
G3mut/CAT) or downstream of CAT gene (pb91 pG3mutl/CAT) in
pG3mut1/CAT restores inhibitory effect of p65.

Figure 13C: pG3a/CAT reporter lacking sequences from +42 to +71 of GADD 153
(pG3mutb/CAT) was not repressed by p65 whereas pG3a/CAT reporter with +1
to +71 (pG3muta/CAT) was repressed by p65.

Figure 14: The p65 with mutation of S276 to alanine [p65( S276mut)] was less efficient
than wild type p65 in repressing GADD 153 promoter. P5W1/CAT corresponds to
CAT reporter with -954 to +91 bases of GADD153 promoter. Note that
p65S276mut is less efficient than wild type p65 in activating NFKB/CAT reporter.

Figure 15: A) The exon 1 of GADD153 binds to Snail-i. Cos-1 cells were transfected
with control plasmid pCMV2 or Flag-epitope tagged Snail-i. Radiolabeled 91 bp-
untranslated region of exon 1 of GADD153 was incubated with nuclear extract
from transfected cells and DNA: protein complex was resolved on an acrylamide
gel. A specific DNA: protein complex was observed with nuclear extract from
Snail-i transfected cells. Flag antibody disrupted this complex. B) Binding of Gfi-
1 to exon 1 of GADD153. Experiments were done as in A. Gfi-1 :DNA complex
was detectable with nuclear extracts from cells transfected with Gfi-1. This
complex was disrupted by Gfi-1 specific but not isotype antibody. Also Gfi-1
binding was reduced substantially when exon-1 with Gfi-1 binding site mutation
was used as a probe (p9Imutb).
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Figure 16: Binding of endogenous Gfi-1 to GADD153 promoter was determined by
chromatin immunoprecipitation assay. MD435 cells were used because these cells
express higher levels of Gfi-1. Gfi-1 immunoprecipitates from cross-linked cells
contain sequences corresponding to exon I but exon 4 of GADD153. Gfi-1
binding was higher in cells that are overexpressing Gfi-1 (MD435/Gfi-1)
compared to cells transfected with vector (MD435/pQN). PCR amplification of
input DNA is also shown.

Figure 17: Gfi-1 represses GADD153 promoter. Cos-1 cells were transfected with
pG3/CAT or pG3/CAT with mutation of Gfi-1 binding site (pG3mutb/CAT) and
p65 or Gfi-1 expression vector. PCHll0 was used as an internal control to
measure transfection efficiency. pG3a/CAT but not pG3mutb/CAT activity was
lower in cells transfected with p65 or Gfi-1. Thus, Gfi-1 functions as repressor of
GADD 153.
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